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ABSTRACT
Birch regarded as Sweden’s third largest tree species. The two birch species, Silverand Downy birch represents about 12% of total Swedish timber volume. For
forestry, birch an important tree species which today mainly used for the
manufacture of pulp and paper.
The aim of this project was to describe mechanical and physical properties of birch.
The properties that have been studied are stiffness, bending strength, shrinkage,
spiral gran angle, density and microfibril angle in the cell wall and vessel cells, from
different parts of the birch stems grown at different rates. The mapped properties
have been compared also with those of other tree species, mainly spruce. The long
term aim is to increase the knowledge of the birch wood properties to provide better
predict their impact on products as well as provide a basis for better utilization of
Swedish birch raw material and hopefully using birch as future structural timber.
Three birch stands with different growth was chosen: Two stands where the birch
growth has been different in a mixed forests stand of spruce and pine, and a fast
growing stand with improved birch seedlings. Samples were taken from four
different heights in the trees. The main thing that has been analyzed is the bending
strength, modulus of elasticity, shrinkage coefficients in different directions and
spiral grain. The mechanical tests are carried out on tines that are 20 x 20 x 300 mm
and the fiber angle measurements were carried out on discs. These results
have supplemented by the results of analyzes conducted with lnnventias SilviScan
instruments that are able to recognize variations of year ring wood properties. Some
of these are density, and microfibril angle, which is also included in this report.
The results show that the wood from normal growth and fast growth improved birch
receive equivalent wood properties. The results also show that birch wood properties
are slightly better than that in Norway spruce.
The material in this project was limited to only three stands and 11 sampled trees
and therefore it can´t provide complete answers to the birch trees different wood
properties. Limitations include genetic origin, growth rate, earlier silvicultural
treatment and number of sample trees.
Key words: Silver birch, birch, betula pendula, wood properties, density,
microfibril angle, shrinkage, modulus of elasticity, bending strength, spiral grain
angle, SilviScan
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Egenskaper hos material från björk – Variation och samband
Del 2. Mekaniska och fysikaliska egenskaper
MARIE JOHANSSON, HARALD SÄLL, SVEN-OLOF LUNDQVIST
Institutionen för bygg- och energiteknik
Linnéuniversitet

SAMMANFATTNING
Björk räknas som Sveriges tredje största trädslag efter gran och tall. De båda
björkarterna vårt- och glasbjörk representerar ca 12 % av totala svenska
virkesförrådet. För skogsbruket är björk ett betydelsefullt trädslag som i dag
framförallt används för framställning av massa och papper.
Syftet med detta projekt var att beskriva mekaniska och fysikaliska vedegenskaper
hos björk. De egenskaper som studerats är styvhet, böjhållfasthet, krympning,
växtvridenhet, densitet och mikrofibrillvinkel i cellväggen och från olika delar av
björkstammar som vuxit olika fort. De kartlagda egenskaperna har också jämförts
med motsvarande data för andra trädslag, bl a gran. Långsiktigt är målet att med
ökade kunskaperna om björkens vedegenskaper kunna ge bättre förutsättningar för
att kunna förutse hur dessa påverkar produkter samt skapa en grund för bättre
utnyttjande av svensk björkråvara och förhoppningsvis användning av björk som
framtida konstruktionsvirke.
Tre björkbestånd med olika tillväxt valdes: Två bestånd där björkarna vuxit olika
snabbt i blandskog av gran och tall och ett snabbväxande trädslagsrent bestånd med
förädlat björkmaterial. Prover togs från fyra olika höjder i träden. Det som i
huvudsak analyserats är böjhållfasthet, elasticitetsmodul, krympningskoefficienter i
olika riktningar samt växtvridenheten. De mekaniska proverna är utförda på pinnar
som är 20 x 20 x 300 mm och fibervinkelmätningar är utförda på trissor. Dessa
resultat har sedan kompetterats med analysresultat utförda med lnnventias SilviScaninstrument som har möjlighet att redovisa årsringsvisa variationer av vedegenskaper.
Några av dessa är densitet, och mikrofibrillvinkel, som också redovisas i denna
rapport.
Resultaten visar att veden i normalvuxen och snabbvuxen förädlade björk får
likvärdiga vedegenskaper. Resultaten visar också att björkens vedegenskaper är
något bättre än granens.
Materialet i projektet har varit begränsat till endast tre bestånd och 11 provträd och
kan därför inte ge fullständiga svar på björkens olika vedegenskaper. Begränsningar
är bland annat genetisk härkomst, tillväxthastighet, tidigare skötsel och antal
provträd.
Nyckelord: Björk, betula pendula, träegenskaper, densitet, mikrofibrillvinkel,
krympning, elacticitetsmodul, böjhållfasthet, växtvridenhet, SilviScan

II

Contents
1. Introduction _________________________________________________ 1
1.1. Background _____________________________________________ 1
1.2 Aim and scope____________________________________________ 2
1.3 Literature ________________________________________________ 3
2. Material and methods _________________________________________ 6
2.1 Stands and trees sampled ___________________________________ 6
2.2 Samples for physical properties ______________________________ 7
2.3 Measurement methods ____________________________________ 12
2.4 Statistical analysis ________________________________________ 19
3. Results - Physical properties ___________________________________ 20
3.1 Density ________________________________________________ 20
3.2. Microfibril angle ________________________________________ 21
3.3 Shrinkage ______________________________________________ 22
3.4 Relationship between physical properties ______________________ 23
4. Mechanical properties ________________________________________ 25
4.1 Modulus of elasticity______________________________________ 25
4.2 Bending strength _________________________________________ 26
4.3 Relationship between different properties _____________________ 27
5. Spiral grain angle ___________________________________________ 30
5.1 Scribe method ___________________________________________ 30
6. Discussion and conclusions ___________________________________ 33
6.1 Properties of birch ________________________________________ 33
6.2 Comparison with other species ______________________________ 34
6.3 Comparison with end-user requirements ______________________ 36
References ___________________________________________________ 39

III

IV

Preface
This report is the result of a project called “Physical and mechanical
properties of birch”. The project has been performed in collaboration between
researchers at Linnaeus University in Växjö and Innventia AB in Stockholm.
The project has been funded by the Södra Skogsägarnas Stiftelse för
Forskning, Utveckling och Utbildning, with further funding by Linnaeus
University and RISE.
The work that was performed in collaboration between the two research
organisations have been working very well and resulted in other projects
together. The authors would also like to thank Åke Hansson, Lars Olsson and
Thomas Grahn at Innventia AB and Bertil Enquist at Lnu for their help in the
project.
During the same time frame a neighbouring project ”Birch – properties of
wood and pulp, variation and growth” has been performed at Innventia AB
on the same birch material. By using the same research material in both
projects a lot more measurements on detailed material properties has been
possible to evaluate which has been of great benefit to both projects.
During the project we also had good help of Anders Ekstrand at Södra for
helping with the material selection. The sampling was performed by Asa
Experimental Forest and research Station of the Swedish University of
Agricultural Science (SLU).
All funding companies and organizations are acknowledged, and also all
persons who have supported the development and application of the routines
applied and the progress of the project.
Växjö 2013
Marie Johansson, Harald Säll, Sven-Olof Lundqvist

V

1. Introduction
1.1. Background
The forests in Sweden are dominated by softwood species, but as much as
18% of the total forest stock is hardwoods, and with the two birch species
Silver birch (Betula pendula Roth) and Downy birch (Betula pubecens Ehrh.)
representing 12% of the total forest stock (www.skogsindustrierna.se). This
represents a large economic potential in the forest industry. The Swedish
industry is however competing on a global market with other conditions
concerning raw material, growth rate and costs. These competing products
are also coming into Sweden, for cost reason but also due to good properties
for certain uses. To be able to compete with these products, both on export
markets and domestically, it is very important to make the right end products
from Swedish raw material. This requires good knowledge about the wood
properties in the raw material as well as about their variations and their
relationship to growth conditions. Birch is today mainly used in the pulp and
paper industry and as bioenergy, but has potential to be used more and with
higher added value than today in joinery, furniture and as structural timber.
Only about 1% of the total volume removed from the forest is sawn.
Structural timber of softwood has to fulfil certain requirements concerning
strength, stiffness and shape stability (Johansson et al. 1994). For softwoods
many studies have been performed to study the material properties which
might cause problems regarding these characteristics (Johansson 2002, Säll
2002, for example). For hardwoods, however, very few studies have been
performed to study the mechanical and physical properties and to combine
these with growth parameters. The requirements for hardwoods, whether it is
used for joinery products or structural timber, are approximately the same as
for softwoods. It is therefore of great importance to map the physical and
mechanical properties of hardwoods and relate them to relevant growth
conditions. Mechanical and physical properties of birch have been studied
earlier (Heräjärvi 2002, Enquist and Petersson 2000, for example).
The work presented in this report includes a large number of mechanical and
physical properties of wood from birch. It is also related to a project at
Innventia AB, in which properties of wood, fibres and vessels were
investigated in micro-scale on samples from the same materials, as well as
properties of pulps and sheets produced thereof. Innventia had for 6 years
successively expanded its “Benchmarking Database” with such data for
several species of spruce, pine and eucalypts (Lundqvist and Grahn 2013).
For this purpose, standardised routines had been developed from sampling in
the forest, via sample preparation and different types of measurements to
database structures and evaluation tools.
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The database already included several properties of relevance also for sawn
products. When Innventia was starting up a project to add also data on birch
to its database, it was decided to adapt the sampling routines to allow a joint
project on mechanical and physical properties. In this project, further wood
properties, mostly in the macro scale, have been measured at Lnu. This
access to data about macro and micro scale variations has allowed an
investigation on not only variations in but also relationships between
properties. The Innventia study provided high detail data on radial variations
in wood density, microfibril angle (MFA) and wood stiffness (estimated
dynamic MOE) and new measurement methods for spiral grain were worked
upon. This was in this project complemented with measurement of interesting
properties on the macro level (sample size 20 x 20 x 300 mm3) such as;
shrinkage, spiral grain angle, stiffness (MOE) evaluated dynamically and
statically and strength (MOR). These parameters will give a good knowledge
of the variations in parameters important for the saw milling industry.
Hopefully, it will also be possible to create models that can predict variations
in physical and mechanical properties related to different growth conditions.
The study was limited in size, samples from 4 birch trees with different
growth rates from 3 stands were investigated and compared.
The results of the two joint projects are published in a series of reports, and
two of them are now published:
• Properties of materials from birch – Variations and relationships:
o Part 1: Growth, density and biomass (Lundqvist et al. 2013)
o Part 2: Mechanical and physical properties (This report)
More parts will be published on fibers, vessels, pulps and sheets. The later
parts will be published by Innventia. An overview is given in (Lundqvist et al
2012). Results are also included in (Lundqvist and Grahn 2013) and (Grahn
et al. 2013).

1.2 Aim and scope
The specific aims of this project are to:
• Describe variations in properties and influences of growth (on micro
and macro scale) within and between birch trees from different growth
regimes.
• Compare these variations and relationships between properties for
birch with other species tested earlier (mainly Norway spruce).
• Relate the mechanical and physical properties of birch to fundamental
wood and fibre properties from both a normal raw material and extreme
wood.
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1.3 Literature
1.3.1 End-user requirements
There are many possible products where wood/timber can find its end use.
Different types of products have different key properties that have to be
fulfilled. The properties that are often listed as important for different
products are:
Modulus of elasticity (MOE) – The ability of the material to deform under a
load; eg. stiffness. The MOE is important for all products were small
deformations due to load is important.
Strength (MOR) – The strength of the material when subjected to load. The
strength is important for all structures that are load bearing in any form. The
strength in different directions can be of importance depending on in which
direction the wood material is loaded. For joists, used in bending, the bending
strength is the most important while for truss rafters that are often loaded in
tension the tension strength is more important. Hardness is another parameter
that can be classified as a strength parameter and is important for all products
subjected to a physical wear.
Dimensional stability – the ability to be straight when used and that the
products remains straight after changes in moisture content is important in
almost all uses of timber. Timber that is not dimensionally stable might cause
unwanted problems in the manufacturing process and cracks can occur during
use when the shape changes due to changes in moisture content.
Appearance – for all products where the wood is visible the appearance is
important. Usually uniform structure and colour in the material is desired
(meaning in many cases no knots). In products that shall be painted it is also
desirable to have as few knots as possible as these might be seen through the
paint (yellow staining).
Durability – all products subjected to moisture (mainly outdoors) needs a
certain durability to avoid mould, fungi and rot growth and thereby high costs
for maintenance.
Table 1 below lists some different end products and the parameters that are
the most important for respective product.
To be able to find wood for these products it is important to know which
factors in the wood that are helping to form these properties.
Modulus of elasticity (MOE) – The modulus of elasticity of clear wood has in
many studies been shown to be dependent on the microfibril angle and the
density (Evans and Ilic 2001); high density and low microfibril angle
(parallel to the fiber direction) results in high MOE. For sawn timber also
factors such as fiber orientation, especially around knots, has shown to have a
huge influence on the MOE (Dinwoodie 1989).
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Table 1. Typical products made of sawn timber and the properties of each product that
are most important. The three most important properties are listed in order of
decreasing importance.
Products

Property 1

Property 2

Property 3

Joists

MOE

MOR

Dimensional
stability

Studs

Dimensional
stability

MOE

MOR

MOR

Dimensional
stability

MOE

Dimensional
stability

MOE

MOR

Claddings

Durability

Dimensional
stability

Mouldings

Appearance

Dimensional
stability

Door/Window
frames

Appearance

Durability

Dimensional
stability

Floors

Dimensional
stability

Appearance

Hardness

Decking

Durability

Dimensional
stability

Appearance

Furniture

Appearance

Dimensional
stability

Structural timber

Truss rafters
Glulam laminations
Carpentry

Strength (MOR) – Also the strength of clear wood has in many cases shown
to be dependent on the wood structure on the micro level, often the strength
of the single fiber (depending on the microfibril angle) or the matrix around
the fibers (the middle lamella) (Dinwoodie 1989). The amount of material
(eg. the density) has also shown to have an influence. A model that includes
MFA, density and MOE has shown to explain a large part of the variation in
strength (Reiterer et al. 1999). For sawn timber also factors such as fiber
orientation, especially around knots, has shown to have a huge influence on
the MOE (Johansson 2003). Strength is also a parameter that is not possible
to measure non-destructively. Therefore, it is very important to be able to
utilize its relationship with other parameters that are measurable to predict
strength for grading of the material into different strength classes. The most
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commonly used relationships are between MOE and bending strength or
between density and bending strength. Newer grading methods can be based
on the fiber angle variation (Olsson et al. 2013).
Dimensional stability – The dimensional stability can be pure size changes as
the direct result of shrinkage and swelling, but can also include shape
changes of the whole timber pieces such as distortions (twist, bow, spring and
cup). Twist is caused by the combination of distance from the pith (eg. the
annual ring curvature), spiral grain angle and tangential shrinkage (Johansson
2002). The causes of bow and spring are twofold; the release of growth
stresses during sawing and by uneven longitudinal shrinkage during moisture
content changes (Johansson and Ormarsson 2009). Cup has in many studies
been possible to explain by the difference in tangential and radial shrinkage
in combination with the annual ring curvature (Mårtensson and Svensson
1997). Growth stresses are formed during the growth of the tree and are
dependent on the density of the material as well as the MFA (Yamamoto
1998). The shrinkage of the cells is to a very large extent dependent on the
MFA in combination with wood density. Higher MFA results in high
longitudinal shrinkage but lower tangential and radial shrinkage (Meylan
1972) and high density also gives higher shrinkage.
Appearance – The perception of appearance is of course a factor that varies
with the person looking at surface, but studies have shown that many people
prefer a uniform wood surface with small colour differences and few knots
(Broman 2001). For that reason most rules for appearance grading favours
having few and small knots on a surface (SS 1611-1:2000). Knot free wood
can be obtained from birch, especially in the lower part of the stem without
branches. Another thing that might cause problem in birch is that the core
wood during artificial drying can develop a reddish colour (Stenudd 2013).
This is especially common in wood from older trees.
Durability – The ability of the wood to resist mould, fungi and rot is a very
important aspect, especially for the outdoor use of wood. Many studies have
shown that the conditions for growth of these organisms are high moisture
content (>16% MC) and relatively high temperature (> 10 °C) (depending on
the form of mould, rot and fungi (Isaksson et al. 2010)). Different tree species
also have different susceptibility to durability. Birch is classed in a low
durability class meaning it is very susceptible to biological attacks (Anon
1994).
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2. Material and methods
2.1 Stands and trees sampled
Three stands of birch were selected for sampling. The stands were selected to
achieve a large variation in properties together with experts from Södra
Timber (Anders Ekstrand). To achieve a large variation in growth regimes
and as well natural regeneration and improved seedlings these stands were
selected to represent a wide range in stand properties found in the Swedish
birch resource. The sampling strategy and procedures for sample preparations
were earlier been developed by Innventia and have been used in several other
projects on many species, see (Lundqvist et al. 2013).
The three selected stands can be classified as:
•
•
•

A slow-grown naturally regenerated birch stand growing mixed with
Norway spruce.
A normal grown and naturally regenerated birch stand growing mixed
with Norway spruce.
A fast growing stand with improved birch seedlings (managed by
Skogforsk).

The stands were documented and samples were taken by personnel from Asa
Experimental Forest and Research Station (SLU). For each tree the height
and dbh (diameter at breast height) were measured. The north direction was
also marked on each tree along the whole stem. Table 2 shows a summary of
the properties of the stands.
Table 2. Summary of the stand data and the mean dbh and height of the sampled trees.

Stand

Type

Age

Dbh

Height

[year]

[cm]

[m]

SB1

Slow-grown

80

21.0

21.4

SB2

Normal-grown

60

21.3

19.4

SB3

Improved

20

16.3

16.7

Fast-grown
From each stand four trees were selected from different breast height
diameter classes:
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-

One large diameter, i.e. relatively fast grown

-

Two medium diameter, i.e. with medium growth

-

One small diameter, i.e. relatively slow grown

Samples were taken from four heights according to Figure 1. This resulted in
48 sample positions (3 stand x 4 trees x 4 heights). From each position a
billet with the height of at least 450 mm were cut and marked with a
reference number. The reference number system for the billets was built up
using a three digit code XYZ where X is stand (SB1 = 1, SB2 = 2, SB3 = 3),
where Y is tree number (Large diameter = 1, medium diameter = 2 and 3,
small diameter = 4) and where Z is the height in the tree (Breast height = 1,
0.25H = 2, 0.60H = 3 and diameter 70 mm = 4).

H
L = Diameter of 7 cm
0.60H
0.25H
1.3m

1

2

3

4

Figure 1. Four sample heights (H) for each tree, at breast height (1.3 m), at 0.25H, 0.6H
and at a position were the main stem diameter was 7 cm.

More on the stands, the sampling and the difference in growth is given in
(Lundqvist et al. 2013).

2.2 Samples for physical properties
The 450 mm long billets were cut up into four parts (three discs and a longer
sample), from the root end of the billet the following samples were taken. A
50 mm disc for measurement of fiber properties (material used by Innventia
for the fiber, pulp and sheet project, not further mentioned in this report), a
30 mm disc for measurement with SilviScan, a 70 mm disc for measurement
of spiral grain angle and an at least 300 mm long section used for samples for
measurement of physical and mechanical properties. Figure 2 shows the three
samples used in this study. The north direction was marked on each sample to
be able to relate all the data.
All the 30 mm discs were sent to Innventia for measurement, the 70 mm
sample and the 300 mm long samples were sent to Lnu for further treatment.
The material was stored in a deep freezer during the time from felling to the
preparation of the samples.
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300
70

Disc for spiral grain measurements

30

Samples for physical properties

Disc for SilviScan measurements

Figure 2. Sampling of discs for measurement with SilviScan, spiral grain and physical
properties.

At Innventia the 30 mm disc were used for measurement of wood density and
estimation of microfibril angle (MFA), modulus of elasticity (MOE) and
spiral grain angle (Grahn et al. 2013). The measurements with SilviScan were
performed along one radius from the pith to the bark in the north direction (in
some cases twisted due to the presence of knots). The data on radial variation
in MFA and density as well as estimated MOE was thereafter sent to Lnu.
The 70 mm discs were visually examined and a radial strip with a width of
approximately 50 mm was cut from the north face of the disc through the
center to the south side of the disc, see Figure 3. In some cases the discs had
to be discarded due to inclusion of knots. In some cases the radial strip had to
be turned from the north-south direction due to knots. Table 3 shows from
which samples it was possible to take samples for spiral grain angle
measurement.
N

Figure 3. Disc used for spiral grain angle measurements marked with lines for cutting
the sample from north to south.
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The at least 300 mm long billets were also visually examined to see if it was
possible to achieve knot-free specimens with the dimensions
20 × 20 × 300 mm from the north-south diameter through the pith. In general,
all samples from position four (diameter less than 70 mm) were discarded as
sample material for physical and mechanical properties. This was done since
material of this diameter is never used as sawn material where these
properties are of interest. In some of the other samples there were knots that
made it impossible to find an area to use for samples in the north-south
direction. In these cases the radius from which specimens were take were
rotated from the south-north axis. A 25 mm wide strip was marked on the top
side of each billet that could be used in general in the north-south direction
through the pith, in some cases turned slightly from the north-south axis, see
Figure 4 to the left. The billets were then transported to Asa Experimental
Forest and Research Station (SLU) were boards were sawn longitudinally
with the marked out diametrical area as one end surface and downwards with
the pith in the middle, see Figure 4 to the right.. The material was thereafter
stored in the deep freezer at LNU.
N
Samples for measurement of
physical and mechanical properties

N

Figure 4. Sawing of radial strip for producing specimens for measurements of physical
and mechanical properties.

When the results from the SilviScan measurements at Innventia were
available, it was decided which radial positions to use for the specimens for
physical and mechanical properties. The samples were selected to represent a
wide range of properties in MFA, see example Figure 5. Table 3 gives an
overview over which positions it was possible to take specimens for
measurements of spiral grain angle and physical and mechanical properties as
well as the radial position for the samples used for physical and mechanical
properties.
The slices were defrosted and planed before the radial position of the
specimens was marked on the slices. The specimens were than sawed with a
circular saw to the final dimension of 20 x 20 x 300 mm.
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Figure 5. Radial variation in MFA according to SilviScan for one disc and the position
of the specimens for measurement of physical and mechanical properties (shadowed
areas).
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Table 3. Table of all sample positions, including data for use as spiral grain angle
measurement and No. and radial position of the center of the specimens in [mm] for
physical and mechanical tests.
Number
111
112
113
114
121
122
123
124
131
132
133
134
141
142
143
144
211
212
213
214
221
222
223
224
231
232
233
234
241
242
243
244
311
312
313
314
321
322
323
324
331
332
333
334

SGA sample

No of specimens

1
1
1
0
1
1
0
0
0
1
0
0
1
1
0
0
1
1
1
0
1
0
1
0
1
0
1
0
1
1
0
0
1
1
1
0
1
1
0
0
1
1
1
1

2
2
2
0
2
2
0
0
0
1
0
0
2
2
0
0
2
2
1
0
2
2
0
0
2
2
1
0
2
2
0
0
1
2
2
0
2
2
0
0
1
1
1
1

Radial position
spec 1
50
50
50
60
40
50
30
20
40
20
10
30
30
30
30
10
30
20
60
20
20
20
30
10
10
10
10

Radial position
spec 2
70
70
70
80
60
50
40
60
50
70
50
70
50
50
40
50
40
60
50
-
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The specimens were thereafter conditioned in 30% RH and 21°C in a climate
box until the weight was stable.

2.3 Measurement methods
The physical and mechanical properties that were measured in this study was
density at two moisture contents, shrinkage/swelling between two moisture
contents, modulus of elasticity measured dynamically and statically as well as
modulus of rupture. The specimens were in a first stage dried in a climate
chamber with the climate of 30% RH and 21°C before the first measurement
of weight and dimensions. Thereafter they were stored in a climate equal to
85% RH and 21°C before the second measurement of weight and dimensions
and then again dried back in 65% RH and 21°C before the measurement of
mechanical properties.
2.3.1 Density and moisture content
The volume of the specimens was in this study measured in the axial and in
the transversal directions using a digital caliper with an accuracy of 0.01 mm.
The transversal measures were taken at one point along the length of the
specimens. The weights were recorded using a scale with the accuracy of
0.01 g. The actual density was then calculated using Eq 1:
𝝆=

𝒎

Eq 1

𝑽

Where ρ is the actual density in kg/m3, m is the mass in kg and V the volume
in m3 calculated based on the measured dimensions.
The moisture content (MC) was calculated based on the weight of the
specimens after acclimatization in the different moisture contents and the
weight of the specimens after drying for 24 hours in 103°C.
𝑴𝑪 = 𝟏𝟎𝟎 ×

𝒎𝒘𝒆𝒕 −𝒎𝒅𝒓𝒚
𝒎𝒅𝒓𝒚

Eq 2

Where MC is the moisture content in % and mwet is the mass in kg at the
actual moisture content and mdry the weight in kg after drying for 24 hours in
103°C.
2.3.2 Shrinkage/Swelling
Shrinkage/Swelling was in this study calculated as the change in dimension
in the transversal directions and in the axial directions between the measures
performed in equilibrium moisture content at 30% RH and 85% RH. The
dimensions used were the ones determined for the calculation of density, see
above. The radial direction is defined as the measurement in the direction of
the normal to the annual rings and the tangential direction as the
measurement in the direction in the tangential direction of the annual rings,
see Figure 6. This measure will for specimens close to the pith result in
shrinkage for a mode mixed between real radial and tangential directions. In
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the axial direction small rivets were placed to get a god measurement surface.
The length of each specimen was measured using a digital caliper with and
accuracy of 0.01 mm.
Radial

Radial

Tangential

Radial

Figure 6. Definition of radial and tangential dimensions.

Shrinkage was in this study defined as shrinkage coefficient, e.g. shrinkage
strain per percent change in moisture content, see Eq 3 and Eq 4.
𝜺𝒊 =

𝜶𝒊 =

𝒍𝟏 −𝒍𝟐
𝒍𝟏

𝜺𝒊 ∙𝟏𝟎𝟎

𝒖𝟏 −𝒖𝟐

Eq 3
Eq 4

Where l1 and l2 are the dimensions measured at two moisture content u1 and
u2; i represents the direction of shrinkage, i.e. l – longitudinal, r – radial and t
– tangential.
2.3.3 Dynamic modulus of elasticity
The dynamic modulus of elasticity was measured using the resonance
frequency in the axial direction. The specimens were placed on foam rubber
to simulate the free-free condition with respect to axial vibration. The axial
vibrations of the specimens were then excited by a small hammer on the
small rivets. The sound pressure was registered via a microphone connected
to a computer-based data acquisition system, see Figure 7. The frequency
spectrum was established from the sound pressure using Fast Fourier
Transforms (FFT). The length and the cross-sectional area were measured
with the same measurement device as described before.
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Figure 7. Measurement device for measurement of resonance frequency.

The modulus of elasticity is related to the resonance frequency of a vibrating
specimen. Eq 5 applies for the first mode of axial vibrations for free-free
conditions.
𝑬𝒅𝒚𝒏 = 𝟒 ∙ 𝒇𝟐 ∙ 𝒍𝟐 ∙ 𝝆

Eq 5

where:
f is the fundamental resonance frequency in the axial direction
[Hz], l is the length [m] and ρ is the density at the test time [kg/m3].
2.3.4 Static modulus of elasticity and bending strength
The static modulus of elasticity and bending strength was evaluated from
four-point bending according to SKANORM 8 (Kučera 1992). The support
and the loads where applied with the help of rollers with a diameter of 60
mm, see Figure 8. The deformation was measured both as curvature over the
inner 90 mm and as deformation of the piston for total deformation. The
SKANORM was followed with the exception of the specimen length which
was in this case 270 mm instead of 300 mm. The loading speed was 0.05
mm/min.
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300
90

Ø60

Ø60

270

Figure 8. Test set-up for four point bending for evaluation of static modulus of elasticity
and bending strength.

Before testing the specimens were stored in a climate room with a climate of
21°C and 65 RH.

Figure 9. Photo of test set-up for four point loading.

The static modulus of elasticity in bending can be evaluated as:
𝑬𝒔𝒕𝒂𝒕 =

(𝑭𝟐 −𝑭𝟏 )𝑳𝟑

𝟑𝟔𝒃𝒉𝟑 (𝒘𝟐 −𝒘𝟏 )

Eq 6
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Where
Estat is the static modulus of elasticity in Pa, F2 and F1 are the
loads at two points on the linear part of the loading curve in N, L is the length
between the supports in m, b is the width of the specimen in m and h is the
height of the specimen in m and w2 and w1 are the deformations at the loads
F2 and F1 respectively in m.
The static bending strength in bending can be evaluated as:
𝝈𝒎 =

𝟑𝑭𝒎𝒂𝒙 𝑳

Eq 7

𝟐𝒃𝒉𝟐

Where
σm is the static bending strength in Pa, Fmax is the maximum
load in N, L is the length between the supports in m, b is the width of the
specimen in m and h is the height of the specimen in m.
2.3.5 Spiral grain angle
The radial strips used for measurement of spiral grain angle were sanded on
the longitudinal and radial face to receive a smooth surface. For specimens
from stand 3 every second annual ring was marked. On the specimens from
stand 1 and 2 the radius was marked every 10 mm from the pith both towards
south and north. The annual rings on the specimens from stand 1 and 2 were
too narrow to be distinguished by the naked eye, why distance from pith was
used instead. A knife and hammer was thereafter used to cut the specimen in
the tangential direction at the marked positions. This created a clean
tangential surface where the spiral grain angle was traced with the help of a
scribe. Two scribe marks were used at each tangential surface, see Figure 10.

Scribe
lines
SGA

Figure 10. Scribed lines on the tangential face of the disc. The lines follow the spiral
grain angle. The dotted line represents the registered positive spiral grain angle in
relation to the longitudinal direction, specimen height 50 mm.
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The specimen was then placed on a horizontal surface and the spiral grain
angle was estimated with the help of a ruler, see Figure 11. The procedure
was then repeated at all the other marked positions in the radial direction. The
spiral grain angle was measured along both the south and north radius. The
mean value of the angle measured on the south and north face is thereafter
used as the spiral grain angle variation. By using the mean angle, errors
which otherwise would occur if the disc was in a position not perfectly rightangled to the pith direction could be avoided.

Figure 11. Measurement of the spiral grain angle with the use of a ruler and angle
measurement.

2.3.6 Measurements performed at Innventia
At Innventia radial samples for analysis with SilviScan were produced from
the 30 mm discs. As a first step, centimeter-size bars with square-shaped
cross-sections were sawn from the pith to the marked north side of the stem.
If this radius happened to include a knot, a nearby radius was instead chosen.
The bars were then reduced with dedicated equipment to high precision
sample stripes from pith to bark, 2 mm thick in the transversal direction of
the wood matrix and 7 mm high in the longitudinal direction. Thereafter, the
top surfaces of the samples were polished measurement of annual ring angles,
used to achieve very sharp data on ring positions and property variations
within rings, and for cross-sectional fiber dimensions in the parallel project.
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The samples were conditioned at 23°C and 43%RH, resulting in a moisture
content of about 9%.
The samples were analyzed for radial variations in wood density with a radial
resolution of 50 micrometers (Evans 1994), and for cross-sectional
dimensions of fibers for the parallel project. More details on the density
variations within and between trees and stands are presented in (Lundqvist, et
al. 2013).
The radial variations in microfibril angle (Evans 1999) and dynamic MOE
(Evans 2006) were estimated and presented as averages for radial intervals of
2 mm along the radius. Applications of these methods on birch are also
illustrated in (Lundqvist et al. 2010).
Also the radial variations in spiral grain angle were measured with SilviScan
with a radial resolution of 2 mm from the about 5 mm high radial sample
stripes produced from the 30 mm disc. The method applied had previously
been tested on Norway spruce (Buksnowitz et al. 2008) and has now been
further worked upon for birch and other species (Grahn et al. 2013). These
measurements with SilviScan showed poor correlation with the scribe
method, despite the fact that tests on other samples had shown good
agreement.
A new reference method was developed for measurement of spiral grain with
microscopy and image analysis directly on the cross-sections of the 5 mm
high SilviScan samples. The data obtained with this reference method
showed good agreement with the SilviScan method, but also large local
variations in the micro-scale, see Figure 12. From this it was concluded that
the poor agreement with the scribe method was caused by large local
variations in spiral grain of birch, and that the samples compared for the
scribe and the SilviScan measurements were taken at a distance from each
other in the longitudinal direction of the tree. Large local variations may also
be seen in Figure 10, see the change of direction of the scribe lines. From this
it may be concluded that for birch measurements of spiral grain over different
lengths will result in different results, due to the large local variability.
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Figure 12. Spiral grain angle seen in a light microscope. Specimen height about 5 mm.

2.4 Statistical analysis
The program SPSS Statistics version 20 was used to analyze the data. The
analysis was only made on the level of stand due to the low number of
specimens.
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3. Results - Physical properties
3.1 Density
Density was in this study measured in two different ways, as average value
for the 20 x 20 x 300 mm specimens and as radial variation with SilviScan.
The measurement for SilviScan is here recalculated as an average over the 20
mm of the radial distribution that is represented by the specimens. The
moisture content of the material was after storing in 35% relative humidity
6.3% (Std.Dev 0.2%) and after storing in 85% relative humidity 18.2%
(Std.Dev. 0.4%). The measurements with SilviScan was performed on
samples conditioned in an atmosphere of 23 C and 43%RH, resulting in at a
moisture content of 9%.
The average densities were evaluated at both equilibrium moisture contents
dry and wet as well as for data from the SilviScan measurements, see Table
4. The mean and standard deviation can be seen for the total number of
specimens and split on the material from the different stands.
Table 4. Mean and standard deviation of the density of the specimens in at 6.3% MC,
18.2% MC as well as measured with SilviScan for the specimens from the three stands
and as mean value for all samples.

Stand

Density [kg/m3]

Density [kg/m3]

Density [kg/m3]

Dry

Wet

SilviScan

MC = 6.3%

MC = 18.2%

MC = 9.0%

N
Mean

Std.Dev

Mean

Std.Dev

Mean

Std.Dev

SB1

15

720

37

744

34

712

34

SB2

18

580

46

608

47

591

47

SB3

13

550

48

580

48

587

82

Mean

46

617

85

645

83

626

79

As can be seen the density was in general high (higher than Norway spruce).
The density was statistically significantly higher (independent sample t-test)
in the material from stand 1 than the density in the material from stand 2 and
3. A boxplot shows the differences between the three stands at 6.3% moisture
content, see Figure 13. The difference between the two methods used was
very small.
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Figure 13. Box plot of density [kg/m3] at moisture content of 6.3% split for the three
stands. The box plot shows the 5%, 25%, 50%, 75%, 95% percentiles and the outliers.

3.2. Microfibril angle
Another parameter that has huge influence on the physical and mechanical
properties of clear wood is the microfibril angle (MFA). In this study the
sawn specimens were chosen to represent large variations in microfibril
angle. The samples were therefore not fully representative for the three
stands. Figure 14 displays the variation in microfibril angle in the samples
from the three stands. The results showed that, for the sawn samples, the
MFA was significantly lower in the samples from stand 1.

Figure 14. Box plot of microfibril angle (MFA) [°] split for the three stands. The box
plot shows the 5%, 25%, 50%, 75%, 95% percentiles and the outliers.
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3.3 Shrinkage
The shrinkage was in this study evaluated as the shrinkage coefficient for the
shrinkage between the measurement of dimensions performed at 18.2% MC
and 6.3% MC. The shrinkage coefficient was evaluated in all three directions
(radial, tangential and longitudinal) for the three stands, see Table 5. The
results showed that the difference in shrinkage between radial and tangential
direction was very small (Rad/Tang = 0.8) which was probably due to the
fact that the specimens were not sawn to make it possible to measure in the
pure radial and tangential directions, see Figure 6.
Table 5. Shrinkage coefficients in the radial, tangential and longitudinal direction.

Stand

No

Radial

Tangential

Longitudinal

Mean

Std.Dev

Mean

Std.Dev

Mean

Std.Dev

SB1

15

0.272

0.024

0.313

0.050

0.014

0.006

SB2

18

0.205

0.032

0.266

0.035

0.013

0.006

SB3

13

0.182

0.026

0.253

0.043

0.016

0.003

All

46

0.221

0.046

0.278

0.049

0.014

0.005

The difference in shrinkage between the different stands varied depending on
the direction of the shrinkage. For radial direction the shrinkage of the
specimens from stand 1 had higher shrinkage coefficient than the shrinkage
of the specimens from the other two stands, the difference was statistically
significant between the specimens from stand 1 and the specimens from stand
2 and 3. The difference in the tangential direction was smaller. The shrinkage
was however still largest in the specimens from stand 1 (difference was
statistically significant). The difference in the longitudinal shrinkage
coefficient was smaller. In the longitudinal direction the shrinkage was,
however, largest in the material from stand 3. The difference was only
statistically significant when comparing stand 1 and 3, see Figure 15.
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a) radial

b) tangential

c) longitudinal
Figure 15. Box plot of shrinkage coefficient in a) radial direction, b) tangential direction
and c) longitudinal direction split for the three stands. The box plot shows the 5%,
25%, 50%, 75%, 95% percentiles and the outliers.

3.4 Relationship between physical properties
In many studies the correlations between density and shrinkage, as well as
between MFA and shrinkage have proven to be very strong. On the stand
level it was possible to see that the tangential and radial shrinkage was low
for the material from stand 1 that had a high mean density and low mean
MFA. Also in this study the data points showed a strong correlation between
these variables, see Table 6. The results as expected showed a negative
correlation between MFA and transversal shrinkage, which showed that a
higher MFA results in less shrinkage in this direction. The correlation was
weaker in the longitudinal direction but was positive which is also expected
from data in the literature.
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Table 6. Correlation (r) between shrinkage coefficient in different directions and
density and MFA.

Density

MFA

Radial

0.850

-0.559

Tangential

0.621

-0.702

Longitudinal

-0.059

0.363

The correlation between density and shrinkage was strong in the radial and
tangential direction and non-existent in the longitudinal direction. The weak
correlations in the longitudinal direction might be due to difficulties to
measure the shrinkage in this direction.
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4. Mechanical properties
4.1 Modulus of elasticity
The values of modulus of elasticity were in this study produced in three
ways; as dynamic MOE, as static MOE and estimated with SilviScan. The
first comparison was done to compare the three different methods, see Table
7 and Figure 16. The results showed that the relationship between MOEstat
and MOEdyn was relatively good with an R2 = 0.79. The mean level did
however differ. The MOEdyn was approximately 10% higher than MOEstat,
this is however common for a comparison between these two measurement
methods (Larsson et al. 1998). These two measurement methods were in this
study conducted on the same specimen.
Table 7. Comparison of MOE measured with the different methods dynamically
(MOEdyn), Static (MOEstat) and estimated with SilviScan (MOESilviScan) in GPa.

Stand

No

MOEdyn

MOEstat

MOESilviScan

Mean

Std.Dev

Mean

Std.Dev

Mean

Std.Dev

SB1

15

20.4

2.5

18.6

3.6

22.5

2.6

SB2

18

14.8

2.5

13.4

3.5

16.0

2.8

SB3

13

13.2

2.6

11.6

2.3

14.1

3.7

All

46

16.2

3.9

14.6

4.3

17.6

4.4

The correlation between MOEdyn and MOESilviScan was also relatively high,
R2=0.75, but with quite a large difference in mean level. There may be
several reasons for this difference between mean levels. It might be due to the
fact that the calibration of the estimation method used in SilviScan which has
been developed for other species. It may also be due to that the MOE
measured dynamically was a mean value for the whole 300 mm long
specimen while the MOE estimated by SilviScan was based on material from
another sample disc taken close to one end of the specimen.
The largest difference in MOE could be found between the two methods
MOEstat and MOESilviScan. This was also an anticipated result since the static
methods was to a very high degree a measurement of a “local effect” in the
middle of the 300 mm long test specimen while SilviScan estimated a local
MOE close to the end of the specimen.
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a) MOEstat vs. MOEdyn

b) MOEsilviScan vs. MOEdyn

c) MOESilviScan vs. MOEstat
Figure 16. Linear regression between MOE measured with the different methods
dynamically (MOEdyn), Static (MOEstat) and estimated with SilviScan
(MOESilviScan), a) MOEstat vs. MOEdyn, b) MOESilviScan vs. MOEdyn and c) MOESilviScan
vs. MOEstat.

All three methods did, however, show the same general results when looking
at differences between specimens from different stands. The MOE of the
specimens from stand 1 was for all methods higher than for the specimens
from stand 2 and 3 (statistically significant). There was no statistically
significant difference between MOE measured on specimens from stand 2
and 3.

4.2 Bending strength
The bending strength was in this study measured as static three-point bending
of the 300 mm long specimens. The results showed that the mean bending
strength was very high with a mean bending strength value for all the
specimens of 96.9 MPa. There was also a difference among the stands with
the highest value in the specimens from stand 1 (statistically significant) and
lower value among the specimens from the two other stands, see Table 8.

26

Table 8. Comparison of bending strength for the three different stands.

Stand

No

Bending strength [MPa]
Mean

Std.Dev

SB1

15

123.1

27.1

SB2

18

86.9

23.3

SB3

13

80.6

18.3

All

46

96.9

29.4

4.3 Relationship between different properties
Another important question when studying a wood material is the
relationship between different properties. Being able to use the relationship
between different properties can help in the effort to find the right raw
material properties early in the process, especially if the properties are easily
measured non-destructively. Bending strength is a property that is important
in many applications, both for manufacturing of sawn timber but also for
furniture. It is, however, impossible to measure non-destructively. If it is
possible to predict based on other properties that are measurable nondestructively it is a great advantage. There is also normally a relatively high
degree of correlation between density and MOE, as well as between MFA
and MOE. Such relationships were previously used in the estimation of the
MOE using SilviScan. In the analysis presented below the dynamically
determined MOE was used to express stiffness. It could then be seen that the
correlation between MOE and MFA was relatively strong, see Table 9. When
looking at the correlation with bending strength, the dynamic MOE is known
to have a strong correlation as can be seen in the correlation matrix in Table
9. In this case the bending strength, dynamic MOE and the density were
measured on the same specimen while the MFA was measured on a specimen
directly adjacent to the specimen used for testing the bending strength.
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Table 9. Correlation matrix between Bending strength, MOEdyn, Density [35% RH] and
MFA. All the correlations are statistically significant on the 0.01 level.

Bending strength
MOEdyn

Bending
strength

MOEdyn

Density

MFA

1

0,89

0,69

-0,47

1

0,85

-0,62

1

-0,48

Density
MFA

1

A multiple linear regression analysis shows that combining the density and
MFA can explain 77% of the variation in MOEdyn, see Eq 8 and Figure 17.
𝑴𝑶𝑬𝒅𝒚𝒏 = −𝟐𝟏𝟕𝟓 + 𝟑𝟐. 𝟗𝑫𝒆𝒏𝒔 − 𝟏𝟕𝟓, 𝟕𝑴𝑭𝑨

Eq 8

Figure 17. Multiple linear regression between MOEdyn and Density and MFA.

For bending strength the coefficient of determination was even higher
R2 = 0.82 when using multiple linear regression with density, MFA and
MOEdyn as variables, see Eq 9 and Figure 18. Multiple linear regression
between Bending strength, MOEdyn, Density and MFA.
𝑩𝒆𝒏𝒅𝒊𝒏𝒈 𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉 = −𝟎. 𝟗𝟗 − 𝟎. 𝟎𝟗 ∗ 𝑫𝒆𝒏𝒔 + 𝟎. 𝟕𝟐 ∗ 𝑴𝑭𝑨 + 𝟎. 𝟎𝟏 ∗ 𝑴𝑶𝑬𝒅𝒚𝒏Eq 9
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Figure 18. Multiple linear regression between Bending strength, MOEdyn, Density and
MFA.

Splitting the results between the different stands showed that the coefficient
of determination was of about equal size for the material from the different
stands as well, even though the number of specimens in each category in
those cases was rather limited. The results showed that also for birch the
relationships between these properties were about the same as those found in
the literature.
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5. Spiral grain angle
5.1 Scribe method
The spiral grain angle was in this study measured every 10 mm along the
south-north diameter for SB1 and SB2, and every second ring for SB3. To
avoid the risk of the disc not being cut perpendicular to the trees longitudinal
axis affecting the results, the mean value between the values at the north and
south side at corresponding 10 mm interval was used for the radial variation
in spiral grain angle. For birch the general trend was to start with a negative
value close to the pith and increase towards more positive values further out
from the pith. In many cases it was possible to see that the radial variation on
each side of the pith was very similar, as for disc 141, see Figure 19. It was in
this case also possible to see, with a linear regression line through the
measurement points, that the general trend was a start of the fiber angle at
approximately -2.2 degrees and a radial development towards less negative
spiral grain angles.

Figure 19. Radial spiral grain angle variation for disc no 141. The figure shows the
variation along the south radius, north radius and the average variation.

For a few of the discs the variation along the south and north radius was not
similar to that for disc 141, see Figure 20, showing disc 322 as an example.
In this disc the variation was quite large, this could be due to the presence of
knots in the vicinity of the measurement positions. For this disc it can also be
seen from the linear regression lines that the spiral grain angles got more
negative with increasing distance from the pith.
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Figure 20. Radial spiral grain angle variation for disc no 332. The figure shows the
variation along the south radius, north radius and the average variation.

By aggregating all the measurements from each stand it was possible to see
the difference between the radial variations in spiral grain angle among the
stands. Equation 10-12 shows the linear regression line for stand 1-3
respectively, diagrams over the radial variation and the linear regression lines
for the different stands can be found in Figure 21, Figure 22 and Figure 23.
The equations for the linear regression lines showed that the radial variation
in spiral grain angle on average started at a value of -1.5 - -2.1° and
thereafter, at least for stand 1 and 2 increased towards more positive values
and at a some distance from the pith it reached positive spiral grain angle
values. The line for stand 3 showed rather constant values and even a slight
slope towards more negative values further out from the pith.
𝑺𝑮𝑨 = −𝟏, 𝟓𝟕𝟒 + 𝟎. 𝟎𝟏𝟎𝒙

𝑺𝑮𝑨 = −𝟐. 𝟏𝟐𝟕 + 𝟎. 𝟎𝟐𝟖𝒙

𝑺𝑮𝑨 = −𝟏. 𝟓𝟓𝟓 − 𝟎. 𝟎𝟎𝟑𝒙

Eq 10
Eq 11
Eq 12

In this case the studied variable was the distance from the pith in mm. This is
interesting when studying material properties of importance for the sawn
material, such as the twist which is well known to be dependent on the linear
relationship between spiral grain angle and distance from the pith (Johansson
2002 and Säll 2002).
From a biological point of view, it is well known that the radial variation in
spiral grain angle is more related to the ring number than to the distance from
the pith for many species (Säll 2002). It is therefore not quite proper to
compare the curves from the different stands directly on this basis as the trees
from stand 1 were almost 100 year and the trees from stand 3 were 20-30
years old. A comparison of the radial variations based on annual ring number
might instead show larger similarity between the trees at one given age.
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Figure 21. Radial variation in spiral grain angle for all the discs from stand 1.

Figure 22. Radial variation in spiral grain angle for all the discs from stand 2.

Figure 23. Radial variation in spiral grain angle for all the discs from stand 3.
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6. Discussion and conclusions
The results can be discussed in three different aspects; as the properties of
birch and the difference between the stands, as the properties compared to
another commercially used specie (Norway spruce) and in relation to the
requirement set on different end products.

6.1 Properties of birch
There was a large difference between the three stands selected in this study.
The material from each stand was, however, very limited why far reaching
conclusions cannot be drawn. Stand 1 was very slow grown and should
probably not have been harvested commercially. The growth rate of the trees
of this stand was less than 1 mm per year. The material from the other two
stands is more interesting in a commercial perspective. Stand 2 was 60 years
old and grown as birch is often grown in Sweden today in a stand mixed with
spruce. Stand 3 was only about 20 years old but the trees already have about
the same dbh as stand 2. This showed that with a good selection of plant
material and a carefully managed stand it was possible to produce a lot more
biomass in a short time. It is therefore interesting to study especially the
material properties of stand 2 and 3. The properties that have been studied in
this study were density, modulus of elasticity, bending strength,
shrinkage/swelling and spiral grain angle.
The density showed that birch has high to very high density. The material
from stand 1 showed a much higher density than the material from stand 2
and 3. There was no difference in density in the material from stand 2 and
stand 3. The modulus of elasticity showed the same tendency, higher values
for the material from stand 1 but about the same level of modulus of elasticity
in the material from stand 2 and stand 3. The bending strength was very high
and also for the strength there was no difference between the material from
stand 2 and 3. A study of the relationship between the different properties
showed that there was a relatively strong relationship both between density
and strength and between modulus of elasticity and strength. This would
indicate that it should be possible to strength grade birch based on these two
parameters in the same way as is done for Norway spruce. The values for
both modulus of elasticity and bending strength was in this study, however,
measured on clear wood specimens. To get a full picture of the potential to
use birch in load bearing structures it is necessary to study these parameters
for full size timber with the inclusion of anomalies such as for example knots.
Shrinkage is another parameter that is important in most uses of wood/timber.
The shrinkage tangentially and radially was smaller in the material from
stand 1 than in the material from stand 2 and 3. This could probably be
connected to the fact that the mean MFA in the tested material was lower in
the material from stand 1 than in the material from the other two stands.
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There was no statistically significant difference in shrinkage for the material
from stand 2 and 3.
The spiral grain angle in the material from these stands started at a negative
value of about 1.5-2 degrees and then increased with increasing radius for the
material from stand 1 and 2. For the material from stand 3 the spiral grain
angle close to the pith was also between 1.5-2 degrees. The spiral grain angle
thereafter stayed at this level for the whole growth of the tree. The spiral
grain angle variation was in this study looked at as variation with radius, i.e.
with distance. Spiral grain angle is however known to vary with annual ring
number for many species. It is possible that spiral grain angle varies quite
linearly with ring number for the first 20 years also in stand 1 and 2 but it
cannot be seen in these data.
Generally for the material from these stands it could be seen that the
properties for stand 1 was different than the material from stand 2 and 3. The
material from stand 2 and 3 was, however, very similar for the properties
studied here. This showed that, based on this limited material, the material
from the fast-grown stand 3 was as good as the material from the more slowgrown stand 2.

6.2 Comparison with other species
Birch is one of the relatively few species that can be used as structural timber
in Sweden. The main species used for this end-use today is Norway spruce
(Picea Abies L. Karst). To evaluate the potential of birch as structural timber
a comparison with Norway spruce would be of interest. In the STUD project
1997-2000 (Kliger et al. 1997) sampling was done in four Norway spruce
stands with very different properties representative for the source in southern
Sweden, see Table 10. These stands can be said to show the variation in
material properties in the source of Norway spruce in southern Sweden. It
should be noted that three of the spruce stands (11, 12 and 13) was relatively
old compared to normal regeneration age which is usually less than 100
years.
Table 10. Data for the four different Norway spruce stands used in the STUD project.

Stand Place
11
12
13
14

Altitude
[m]
Siljansfors, Dalarna
220
Granhult, Småland
225
Asa, Småland
185
Sannarp,
Falkenberg,
170
Halland

Age
[year]
135
120
110
60

DBH Height Spacing
[mm] [mm]
[m]
314
29.3
nat.reg.
290
28.0
nat.reg.
330
30.0
nat.reg.
340
26.4
1.5

The measurement of material properties was for the Norway spruce done on
specimens with the dimension of 12 x 12 x 200 mm representing the radial
variation at four heights in each selected tree. The measured properties taken
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out for comparison in this study was the density and dynamic MOE measured
at a moisture content of 8% as well as the longitudinal shrinkage coefficient
based on the length measured at 8% moisture content and at 18% moisture
content. For more information on the measurement procedures, see
(Dahlblom et al. 2000a and Dahlblom et al. 2000b).
The results showed that the density of the birch from stand 2 and 3 was
higher than the density of the Norway spruce and the density of stand 1 was
much higher, see Table 11. The MOE of the material from stand 2 and 3 was
quite similar to the MOE of the material of Norway spruce (with the
exception of stand 14 which had very low MOE). The material from Birch
stand 1 showed a much higher MOE than all the other stands. When studying
the longitudinal shrinkage coefficient it could, however, be seen that the
shrinkage in the longitudinal direction was much higher in the birch material
than in the Norway spruce material.
Table 11. Material data for the birch (BS1-BS3) and the Norway spruce (11-14) stands.

Stand

N

BS1
BS2
BS3
11
12
13
14

15
18
13
182
177
248
198

Density [kg/m3]
Mean
Std.Dev
720
37
580
46
550
48
452
38
475
52
488
60
388
46

MOE [GPa]
Mean
Std.Dev
20.4
2.5
14.8
2.5
13.2
2.6
13.6
3.0
14.3
3.7
15.5
3.7
10.6
2.7

Long shrinkage [-]
Mean
Std.Dev
0.014
0.0069
0.013
0.0062
0.016
0.0026
0.004
0.0040
0.004
0.0026
0.004
0.0046
0.007
0.0049

Concerning the spiral grain angle it was also measured on discs cut from the
same Norway spruce stands (Moore and Maun 1998).The results showed that
the spiral grain angle in Norway spruce had the opposite direction and started
with positive values and decreased with increasing radius. The spiral grain
angle in Norway spruce had a slightly higher absolute start value close to the
pith and a slightly steeper absolute drop in spiral grain angle than the birch
measured in this project, see Figure 24. The same trend could be seen in the
data for Norway spruce that the slope of the linear regression was small in the
material from the fast grown stand 14, just as in the fast grown material from
the birch stand 3. This was probably due to the fact that the number of annual
rings at the same distance from the pith was lower in the fast-grown material
than in the more slow-grown material.
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Figure 24. Radial spiral grain angle variation in material from Norway spruce and the
three birch stands.

6.3 Comparison with end-user requirements
There are a number of properties that are important for the end-user of sawn
timber depending on what the material is going to be used for, see 1.3
Literature. The properties that can be studied on this material are stiffness,
strength, density, twist, bow and spring.
The density of the birch material was very high compared to that of spruce.
The material from all three stands shows higher density than the material
from any of the spruce stands. The MOE of the birch material was high; it
was however measured on clear wood. The MOE of sawn material is also
dependent on the size and position of knots in the sawn material, which was
not recorded in this material. When comparing the results with MOE from
Norway spruce, also evaluated on clear wood, it can be seen that MOE was
as high as that in Norway spruce. The material from birch stand 1 had a much
higher MOE than the material from the other birch stands and all the spruce
stands. This can signal that this would be a better material, it was, however,
very slow grown and for that reason might not be a good material for
structural timber.
Strength is the next important parameter. For strength there were no
comparable data to be found for the studied spruce material. The bending
strength was however high to very high when comparing to reference
material from Norway spruce. Especially the material from stand 1 had very
high bending strength. For grading of timber into strength classes the
relationship between density and bending strength and the relationship
between MOE and bending strength are very important. Both these
relationships have in this study been proven to be at the same level as that for
clear wood in spruce (Foslie 1972). For grading of the material this is a good
start, it is, however necessary to make a larger study with testing of sawn
timber to investigate this relationship further before any far reaching
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conclusions should be drawn about the best way to strength grade the
material.
The straightness (or shape stability) of the material is another important
parameter. For many products of sawn timber twist is the major problem.
Twist is caused by both the value of the spiral grain angle and the slope of the
spiral grain angle in the radial direction (Johansson 2002 and Säll 2002)
together with the distance from the pith for the actual sawn product. In this
study the results show that the spiral grain angle was lower in the vicinity of
the pith as well as having a relatively low slope in the radial direction
compared to Norway spruce. This would indicate that sawn material from
these birch stands would probably have a relatively low degree of twist.
Regarding the two bending modes there are two important effects causing
them; release of growth stresses during sawing and variation in longitudinal
shrinkage within the pieces of sawn timber (Johansson and Ormarsson 2009).
The amount of growth stresses are very difficult to estimate and is not
investigated in this study. The longitudinal shrinkage has in this study
showed to be rather large, larger than shrinkage recorded in comparable
spruce. This could indicate that the risk of getting a large variation in
longitudinal shrinkage within a piece of sawn timber, and therefore large bow
and spring, is greater than in comparable material from spruce.
Chapter 1.3 showed a number of different end-uses for sawn timber and their
different requirements. Table 12 shows a table with the same products and
the possibilities to make these products from Norway spruce and Birch. The
results show that for all products where durability is not an issue birch will
work just as well as Norway spruce. In products were shape stability is of
great importance birch would probably work even better than Norway spruce.
For products were appearance is important it is mostly an issue what
appearance is suitable, birch wood is lighter in color than Norway spruce.
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Table 12. Different possible end-products and the suitability to use Birch or Norway
spruce for these products.

Products

Birch

Norway spruce

Joists

+

+

Studs

++

+

Truss rafters

+

+

Glulam laminations

+

+

Claddings

-

+

Mouldings

+

+

Door/Window frames

+

+

Floors

+

+

Decking

-

-

Furniture

+

+

Structural timber

Carpentry

It should, however, be noted that in this study only clear wood was studied.
To make a full study on parameters such as strength and modulus of elasticity
it is necessary to study full size timber with defects such as knots. The
amount of material included was also very small. Therefore this study should
preferably be complemented with a larger study on different plant material
and silviculture.
The sampling strategy and procedures on sample management and
measurement applied in this study has, however, proven to work very well
for a screening study of material from different stands and growth conditions.
The sampling strategy and procedures used in this study have also been used
in other studies on different tree species from many parts of the world, which
means that data for comparison with other species are available.
The final conclusions are thus that:
•
•
•
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the methodology applied have been successful
several observations have been made which may be important for use
of wood from birch in higher added-value wood-based products
an expanded study is recommended on the suitability of different
birch material for different end uses, including more material and tests
also of the properties of full size sawn timber.
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